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Introduction 
This paper deals with the experimental determination of the charac-
teristics of a high-speed axial "blower. 
Those who have conducted previous investigations in this field (Refs. 
1,2,3) have recognized the possibility of raising the efficiency of the 
axial flow fan by increasing the speed. Industrial applications, however, 
have not justified the structural and mechanical difficulties as well as 
the high noise level encountered as a result of high-speed operation. Hence, 
no previous investigations have been conducted at tip speeds greater than 
about 18,000 feet per minute* 
When it became necessary to develop an axial type blower to be used in 
the Georgia Tech helicopter (Ref.5), it was felt that the increase in effi-
ciency and the decrease in weight would more than compensate for the disad-
vantage of the high speed. Tests were, therefore, conducted on an axial 
type blower of high solidity and operating at tip speeds ranging from 9,400 
to 33,000 feet per minute. This practically doubled the range of speeds 
over which similar tests have been conducted. 
The horsepower required and the horsepower delivered were measured and 
the efficiency calculated for various blade angles up to and slightly beyond 
the point at which the blades stalled. 
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Blower and Apparatus 
Fig.l is a schematic drawing of the blower and the duct system showing 
the points at which measurements were male to determine the power output 
of the "blower. Pigs. 2 and 3 are views of the complete test stand. 
Power was supplied by an 85 HP V-8 engine mounted in hearings con-
centric with the crankshaft. This permitted measurement of the torque forces 
on a 50 pound platform scale graduated in increments of 1/100 of a pound. 
The engine was connected to the blower through a gear box having a 
step-up ratio of 3.54 to 1. This permitted operating the blower at speeds 
up to 14,000 E.P.M. without exceeding the rated engine R.P.M. The gear box 
consisted of an automobile differential in which the spider gears had been 
locked, thus eliminating the differential action. The shaft,normally used 
as the axle,was connected to the engine by means of a universal joint. The 
blower was connected to the pinion shaft through a flexible coupling. 
The rotor was composed of a dural disk (Pigs.4 and 5) fourteen inches 
in diameter with thirty-six blades equally spaced around the periphery. The 
disk was split along a plane normal to the axis of rotation and the blades 
were clamped in sockets between the two halves by means of filister head 
screws. Loosening these screws permitted adjustment of the blade angles. 
Fig.4 shows the component parts of the rotor and the method of attaching the 
blades to the disk. Fig. 5 shows the assembled rotor. 
The blades shown in Fig.4 were used only in the preliminary tests. They 
were machined from 17ST aluminum alloy bar stock. The section used was a 
modified E,A.F.6 two inches long having a constant chord to facilitate 
machining. Before any satisfactory results had been obtained, fatigue cracks 
appeared at the roots of the blades. Subsequent vibration tests conducted 
on these blades indicated' that this was caused by impulses from struts in 
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the airstream a short distance downstream from the "blades. In the operating 
range of speeds these impulses occurred at approximately the natural fre-
quency of the "blades. 
Bather than redesign the whole unit it was decided to try to find a 
more suitable material from which to make the "blades. The ideal material 
should "be one having high internal damping, a relatively high allowable 
stress, low specific gravity, and be easy to fabricate. After considerable 
investigation a thermoplastic sold under the trade name of •LtLcite* was 
tried. This material which had an allowable tensile strength of 8,000 to 
10,000 pounds per square inch and a specific gravity of 1.8 seemed promising. 
It was easily molded under dry heat at a temperature of about 320 f. and 
5,000 pounds per square inch pressure. As this method gave an easy means of 
making a large number of uniform blades, a more efficient tapered planforra 
was used. The dimensions of the blade are given in Fig. 6. 3Tig.7 shows two 
steps in the manufacture of the blade. The one at the right shows the blade 
before the flash was removed, the one on the left being the finished product. 
The white streak near the root of the finished blade is an imperfection 
due to molding. The transparency of this material rendered such flaws 
easily discernible. 
The annular duct system used in the test is shown in Fig.l. The inner 
portion of the intake duet was a straight circular section having the same 
diameter as the rotor hub. T̂he outer portion of the intake duct was bell-
mouthed with a section of constant diameter starting one inch ahead of the 
blades. The blower rotor ran inside of a Micarta shroud ring, a maximum 
clearance of 0.006 inches being maintained between the ring and the blade 
tips. 
The discharge duct consisted of two concentric Circular sections, the 
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outer portion having a constant diameter and the inner portion increasing 
in diameter from the "blades to the annular discharge orifice. This orifice 
had an outside diameter of 18 inches (|y?.72 cm.) and an inside diameter of 
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16.25 inches (41.26 cm.) giving an annular discharge area of about 46.3 
square inches (.034 sq.m.) compared with the area of about 1G0.5 square 
inches (.065 sq..m.) at the blades. 
Radial clearance between the blades and the shroud ring was maintained 
by five streamlined struts. These connected the ring with the inner duct 
which in turn was centered on the blower shaft by means of a bearing. The 
struts were located with the leading edge 1-1/4 inches downstream from the 
center plane of the blade. A symmetric section was used having ft chord of 
1-1/2 inches and a maximum thickness of 1/2 of an inch. Fig. 8 is a view 
looking into the intake duct with the blower and inner portion of the in-
take duct removed so that the streamline support struts and the annular 
discharge duct are shown. 
A special pitot tube (Pig.9) was devised so that both circumferential 
and radial surveys of the discharge orifice could be made, discussion of 
the calibration of this tube will be found in the Appendix. 
A total head tube was placed at a point midway between two streamline 
struts and at approximately 1-1/2 inches downstream from the center line 
of the rotor. It was mounted in such a manner that surveys could be made 
along a radial line at this -point, 
Heads were measured in millimeters of water by means of well type 
manometers filled with distilled water. 
Blower speeds were measured by a standard aircraft tachometer recali-
brated for a six-to-one reduction ratio and checked by means of a strobo-
tach. • 
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Tests and Procedure 
For these tests only the manometric efficiency (Ref.l) was considered. 
This efficiency is the ra*tio of the total energy of discharge from the "blower 
rotor to the net input. All losses, therefore, were excluded except those 
in the intake duct and due to "blade tip clearance. This necessitated de-
termining the gear and windage losses of the disk, 
So attempt was made to straighten out the rotational component of 
the velocity, since "both the total head and the pitot tube were mounted so 
that they could "be lined up with the resultant flow, 
A series of tests were conducted holding the "blade angles constant and 
varying the speed. These tests were made for "blade angles from 15 degrees 
to 35 degrees at five degree intervals. In order to give an additional 
point near the stall an extra run was made at 32-1/2 degrees, Tor each 
"blade angle the speed was varied from 2000 R.P.M. to 7000 R.P.M. in 1000 
R,P.M, increments. This gave a corresponding range of tip velocities from 
157 feet per second (47.9 m/sec) to 550 feet per second (143,8 m/sec). 
For each run the following data were recorded: 
Torque force, 
Total head at discharge. 
Static head at discharge, 
Total head at the "blade. 
Revolutions per minute. 
Barometric pressure. 
Room temperature. 
A series of circumferential surveys conducted at 15 degree intervals 
determined a discharge velocity coefficient to lm applied to the mean 
velocity at the zero degree station. This coefficient was found to he 
independent of "blade angle and speed, 
The variation of the density of the manometer fluid was so small for 
the range of room temperature experienced during the tests that a single 
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correction factor could he used. 
The combined gear and windage losses were determined "by running the 
"blower rotor with plugs inserted in t̂ e blade sockets giving a smooth sur-
face to the hub. 
All data were reduced to standard conditions of temperature and 
pressure. 
Reduction of Data 
For each "blade angle a preliminary survey was made across the jet 




the velocity at each station along the radial line m s calculated* 
Where: 
V = velocity in meters per second, 
h = h. - h , 
w t s * 
h. = total head in mm.water, 
h = static head in mm.water, 
p a = density of air = 1.25 Newton per cubic 
meter for standard air. 
Plotting these values gave a velocity distribution curve (Pig.lO)from 
which the mean velocity and the per cent of deviation of the mean velocity 
from the velocity at some point near the eenter of the jet could "be found. 
Numerous tests showed that this value was independent of the "blower speed 




as a correction factor in determining the mean velocity at any speed for 
a given "blade angle, 
Applying all the correction factors the mean velocity of discharge 
- -iV" 
now "becomes 
« Cx x C2 x C3 x C4 J --2 (2) 
where: 
V = mean velocity in meters/sec.% 
C^ » 1.09 7 = correction factor for pitot tube, 
Go = 0.99 V = correction factor for circumferential 
velocity variation with relation to 
zero degree, 
Cg s? 0.9955 V * correction factor for variation of 
density of manometer fluid with room 
temperature, for room temperatures of 
80 to 100 degrees T. t 
OA = correction factor for deviation of velocity at a 
station along a radial line from the 
mean velocity along that line. 
Since p a for standard conditions is a constant, all these may be combined 
in the form 
V = K / "h~" . 
* W 
The effective width of the jet was determined by the zero velocity 
points on the mean velocity curves, (fig. 10.) This width was divided 
equally on either side of the geometric midpoint of the jet and the effec-
tive jet area calculated. Then the quantity of air "Q/* in meters per 
second was 
% = VA (3) 
A being the effective jet area in square meters. 
3 
The mean total head at the blades, h+, was found in the same manner as 
the mean jet velocity. (Pig.16.) 
Correcting the total head for temperature the net power output of the 
• • • ' « * • • 
"blower can now he calculated from the equation 
h! Q 
HP, - - J £ _ (4) 
• 76. 3 
where 76.3 i s a constant in Kg ra/second and h! i s the mean to t a l head in 
mm. of water corrected for the temperature. 
The input horsepower to the blower i s 
HP = MJJtL l/jL- (5) 
M 33000 * p 0
 v ' 
where H = Engine speed in B..P.M. 
_ . % 
3,54 
d, = Length of the torque arm 
= 2.5 ft. 
j»t s Torque force, 2\ minus the gear and 
windage losses. 
The ratio is introduced to correct the engine horsepower to 
standard conditions. 
Substituting the numerical values, Eq, (5) becomes 
HP_ - 0.135 x lO" 3^ ?'/jC # (6) 
E B / pQ 
Values of HPS and BP-m as computed from Eqs.(4) and (6) respectively 
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were plotted on large scale log-log paper,(Pigs. 11 and 12), Since the re-
sulting curves were straight lines, any^discrepancies in the data or com-
putations were easily discernible. 
The manometric efficiency (Ref.l) was calculated from values of HF™ 
and HJL taken from the curves for corresponding "blade angles and speeds "by 
the relation 
*- Sg • w 
!Ehe resulting values were plotted against R.P.M. for blade angles, a, of 
15,20,25,30,32.5, and 35 degrees (Jig. 13). 3*ig.l4 shows curves of effi-
ciency versus angle of attack plotted for speeds of 2000,3000,4000,5000, 
6000,7000 R.P.M. 
Values of the "blade angle for maximum efficiency, a* , as indi-
( max. 
cated "by the curves of ?i versus a (Fig. 14) were plotted against R.P.M, 
In order to have a "basis of comparison with tests conducted pre-
viously "by Marks and Weske (Ref.3) and Marks and Flint (Ref.4), the static 
head for various "blade angles at 7000 R.P.M. was calculated. 
Knowing the areas of the orifice and the "blades and the velocity at 




v > = V» ,*7V> (s) 
wl 2 
where the subscript (l) denotes the conditions at the "blades and the sub-
script (2) the conditions at the orifice, 
Then: 
h, 
\ = VN (9) 
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where h . = S ta t i c head a t the "blades 
Sl 
and h? = Total head at the "blades corrected for 
v 1 temperature. 
Fig,17 presents these values graphically,Since the static head varies 
as the square of the tip speed, the values of the static head for maximum 
efficiency of each "blower were calculated on the "basis of a tip speed of 
33,000 ft,/min. corresponding to 7000 R,P,JL 
Results of the present tests are presented in TA3LES I to VI and 
Pigs,10 to 16, TABLE VII compares the equivalent static heads at tip 
speeds of 33,000 ft,/min. of the Georgia Tech "blower with the "blowers 
tested in Refs.2 and 3. 
Ths distribution of points in Pigs, 11 and 12 indicates a maximum 
variation of the experimental data from a theoretical straight line of 
less than 1-1/2 per cent with most of the points deviating less than 1 
per cent, 
Discussion of Results 
The curves of manometric efficiency versus R,P,M, (Fig,13) indicate 
that there is a definite increase in efficiency with an increase in 
speed. This effect is much more marked at the smaller blade angles; 
that is, the slope of the efficiency curve decreases as the "blade angle 
increases. This is characteristic of curves for propellers operating 
at speeds "below those for maximum efficiency, 
Fig, 13 shows that a maximum efficiency of 95,5 per cent was obtained 
at 7000 R.P.M, and blade angles of both 20° and 25°. This would seem to 
indicate that the optimum blade angle lies somewhere between these values, 
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This fact is substantiated "by the curves of ?l versus a (Pig. 14). 
These curves show a maximum efficiency of 97 per cent for a "blade angle 
of 22-1/2 degrees and 7000 R.P.M. This efficiency was obtained at a greater 
i 
static head for an equivalent tip speed than the static heads corres-
ponding to the maximum efficiencies of the blowers tested in Refs. 2 and 
3. The static heads of the present blower and those tested in Refs. 2 
and 3 are compared in TABLE VII for equivalent tip speeds of 33,000 ft# 
per min. 
The curve of the blade angle for maximum efficiency versus R.P.M. 
(Pig*15) shows that this angle tends to decrease slightly as the speed in-
creases. The trend of this curve indicates that the angle say approach a 
constant value if the speed is carried high enough. 
A further indication of conditions under which the blades were 
operating was obtained from the curves of the total head at the blade, 
h^, measured at different radii. A comparison of these curves shows that 
stalling begins at a blade angle of about 25 degrees and at about 53 per 
cent of the span. As the blade angle is increased, the stall progresses 
farther in toward the hub to the 21 per cent point at 35 degrees. This is 
as it should be for an untwisted tapered blade. 
The higher efficiency obtained in the present tests can be attri-
buted to several factors which tend to reduce the drag of the section. 
Centrifugal force due to tĥ e high tip speeds, 33,000 ft.per min. maximum, 
probably tended to remove the boundary layer. Induced drag was reduced to 
a minimum by the small tip clearances maintained. Speeds at which these 
tests were run correspond to a range of Reynolds Numbers from 65,000 to 
228,000. These values lie along the portion of the Reynolds Number curve 
over which the drag decreases very rapidly as the Reynolds Number increases. 
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All other variables being held constant, an increase in speed gives an in-
crease in Reynolds Humber and a corresponding increase in efficiency due 
to the decreased drag* This explains the fact that within the range of 
these tests, the efficiency curves (Pig, 13) show a definite rise as the 
speed is increased. This indicates that it would he advantageous to go 
to higher Reynolds Kumbers "by increasing the speed still further. However, 
the fact that tip speeds must he kep below 800 to 900 ft.per sec. limits 
this increase, for in thi3 region losses due to compressibility effect 
will more than offset the gain due to reduced drag. It has also been 
shown by previous tests (Refs.1,2, and 3) that for quantities of flow 
below those for maximum efficiency, the efficiency tends to decrease as the 
static pressure increases. 
Conclusions 
Within the limits of these tests the following conclusions can be 
arrived at: 
1. The manometric efficiency increased with an increase in speed, 
a maximum value of 97 per cent being obtained at 7000 R.P.M. and a blade 
angle of 22-1/2 degrees. 
2. Static heads obtained were proportionately higher when compared 
with results of tests by previous investigations. 
3. These tests indicate that still higher efficiencies could be 
obtained at higher tip speeds* 
4. This increase in efficiency as compared with earlier investi-
gations is due in part to decreased drag as a result of operating at more 
favorable Reynolds Numbers, to the probable removal of the boundary layer 
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due to the high centrifugal force, and to the small "blade tip clearances 
used. 
5. For the condition of maximum,,efficiency the "blade angle tends 
to decrease slightly as the tip speed is increased, 
6. It should "be noted that tests hy previous investigators show 
that for quantities of flow fcelow those for maximum efficiency, the effi-
ciency tends to decrease as the static head increases. This will also "be 
true of the present tests,, 






A. Variation of Torque Tare Perce with Speed: 







B. Calibration of Special Pitot Tube: 
The special pitot tube (Tig.9) was calibrated against a standard 
Prandtl tube in a 2 inch high-speed jet shown in Pig.19. 
The tube head in the high-speed duct, h|, was measured at the point 
A. Readings of h. and hfi were taken with both a standard and the special 
pitot tube; ht and hg being the total head and the static head respec-
tively. The subscript (l) was used to denote the values for the standard 
tube and the subscript (2) those for the special tube. The values of h^ 
and hg were plotted against hi. Using the values taken from the 
curves the velocity heads 1^ were determined where 
Wl *1 Sl 
2 2 2 
The correction factor in terms of the velocity head is 
EL = K WT 
2 
16 
The following tahle gives these valuesj 
K h 
1 **-. W2 
90 75 1.200 
180 152 1.185 
273 231 1.182 
373 313 1.190 
475 395 1.200 
575 478 1.200 
The mean value of 1.19 was used as the correction factor in all 
subsequent tests. Since this is ia terms of the velocity head, the 
sqmre root was used and applied directly to the velocity in the form 
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E.P.M. BP^ H?s % 
Per cent 
2000 40.?43 0.363 66.8 
3000 0.858 1,158 7 2 . 1 
4000 2.170 2.705 7 5 . 2 
5000 4.340 5.340 7 8 . 1 
6000 7,570 9.11 81.0 
7000 12.150 14.25 84.0 
TABLE I 
a - 15° 
 B • • • • • : * • 
k .  .
.
.  .  
TABUJ I I 
a « 33° 
HPB * I 






EABLE I I I 
a = 25° 
^ B ^ E 
0.674 0.740 





^ TABLE IV 
a * 30° 
^ B ^ E 






E.P.M. HP.E % 
Per cent 
2000  84.8 
3000 1.499 1.699 87.6 
4000 3.670 4.050 90.5 
5000 7.190 7.840 92.1 
6000 2 49  13 240 94.1 
7000 19.850 20.88 95.5 
E.P.M. HPB EPE y 
Per cent 
2000  88.0 
3000 S.34 90.5 
4000 5.06 5.50 92.5 
5000 10.00 10.73 93.6 
6000 17 30 1 3  95.3 
7000 28.05 28.80 95.5 
E.P.M. BPB HP, ?( 
Per cent 
2000 79 .0 
3000 81 .2 
4000 83 .1 
5000 8 4 . 5 
6000 85.8 
7000 .  .  87 .2 
Page missing from thesis 
Page missing from thesis 
Page missing from thesis 
TABLE V 
R.P.M. HP^ HT, ^ 
Per cent 
2000 0.632 0.807 77.0 
3000 2.16 2.69 7 8 . 5 
4000 5.21 6.49 80 .6 
5000 10.20 12.63 81 .0 
6000 17.72 21.70 81 .5 
7000 27.85 34.10 82 .2 
a - 32.5° 
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EABLE VI 
a = 35° 














R.P.M. ! P E ty 
Per cent 
2000 7 2 . 5 
3000 73 .2 
4000 7 4 , 5 
5000 74 .5 
6000 7 5 . 5 
7000 7 5 . 5 
Equivalent S t a t i c Heads of Three Axia l 
Blowers 1 
fcs 
in .H Q 
Georgia Tech Blower 20.4 
Marks and Weske 10.9 
(Ref .3) 
Marks and F l i n t 16 .8 
(Ref .4) 
1 
Tip speeds 33,000 f t . ^ e r min. 

Fig. 2. General View of High-Speed Blower Laboratory Showing 
Discharge Orifice and Control Tahle. 
Pig. 3. General View of High-Speed Blower Laboratory 
Showing Engine Installation. 
Pig.4. View Showing Component Parts of Blower. 
(With Original Daral Blades) 
Pig. 5. High-Speed Axial Blower Eotor. 
(With Pinal Lucite Blades) 
Pig. 6. Principal Dimensions of Blades. 
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Fig. 7. Blade for High-Speed Axial Blower, 
Fig. 8. Downstream View of Blower Duct with Blower 
and Inner Intake Duct Removed. 
Jig 9. View Showing Special Pitot Tube 
and Method of Mounting. 
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